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Pediatric acute hepatitis of unknown etiology has been
reported globally since April 2022. In Japan, 139 possible
cases with onset dates after October 2021 were report-
ed as of December 2022. Three patients required liver
transplants, but none died. Rates of adenovirus positivity
(11/125, 9%) were lower than those for other countries.

Severe acute hepatitis of unknown etiology (AHUE)
in children has been reported globally since April
2022. By July 8, 2022, a total of 1,010 cases had been
reported to the World Health Organization from 35
countries on the basis of the working case definitions
(1). A definition for a confirmed case is not available,
but probable cases are defined as acute hepatitis (non-
A-E hepatitis) in persons <16 years of age with serum
transaminase >500 IU/L (aspartate transaminase or as-
partate aminotransferase) since October 1, 2021; epide-
miologically linked cases are acute hepatitis (non-A-E
hepatitis) in persons of any age who were close con-
tacts with a probable case-patient since October 1, 2021.
Of the 1,010 cases identified, 46 (5%) children required
liver transplants, and 22 (2%) children died (1). We re-
port pediatric AHUE cases in Japan and compare them
with cases in other countries. Because the data for this
study were taken from an epidemiologic investigation
conducted by the government, the National Institute of
Infectious Diseases did not require informed consent
and ethical review (receipt no. 1442).

The Ministry of Health, Labor and Welfare
(MHLW) of Japan issued the working case defini-
tions of AHUE on April 27, 2022 (2), adopting the
case definition published by the World Health Or-
ganization but limiting cases to hospitalized patients
(Appendix Table 1, https://wwwnc.cdc.gov/EID/
article/29/6/22-1579-Appl.pdf). Physicians were
instructed to exclude viral hepatitis A, B, C, and E
through laboratory tests and report cases to public
health centers. Laboratories at hospitals and local
public health institutions performed microbiological
testing recommended by MHLW (Appendix Table
2). Acute liver failure was considered a coagulopa-
thy characterized by a prothrombin time and inter-
national normalized ratio of >2 or >1.5 with clinical
encephalopathy (3).

As of December 31, 2022, a total of 139 probable
AHUE cases with onset dates after October 1, 2021,
had been reported throughout Japan without geo-
graphic clustering (Table). Six cases with unknown
onset dates were excluded, and none were epidemio-
logically linked. Among the 139 patients, 3 (2%) un-
derwent liver transplantation. Eleven (13%) of 85 pa-
tients met the definition of acute liver failure, 17 (18 %)
of 95 received intensive care, and none died (Table 1).
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Of note, of 125 cases tested for adenovirus by
PCR, 11 (9%) were positive (Appendix Table 3);
however, adenoviruses were the most frequently
detected pathogen in AHUE cases from Europe
(52%) and the United Kingdom (66%) (4,5). Among
the 11 adenovirus-positive cases, type 41 was iden-
tified in only 2 cases (18%) in Japan, unlike its fre-
quent detection in England (5) (Appendix Table
1). Studies from the United Kingdom reported si-
multaneous increases in numbers of hospitalized
hepatitis case-patients and detected adenoviruses
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cases (5). In Japan, the national surveillance sys-
tem for viral hepatitis (Appendix Table 4), adeno-
virus, and adenovirus-associated syndromes (e.g.,
pharyngoconjunctival fever) did not identify un-
usual numbers or trends compared with previous
years (2). The varying characteristics of reported
AHUE cases among countries might be attributed to
these differences.

Some reports have stated that SARS-CoV-2
spike protein acts as a superantigen, broadly stim-
ulating T cells to induce hyperinflammation and

Table 1. Characteristics and laboratory findings of 139 cases that fulfilled the working case definition of pediatric acute hepatitis of

unknown etiology, Japan, October 2021-December 2022*

Characteristic Value
Median age, y (IQR) 4.4 (1.3-9.5)
<6 y of age 81/139 (58)
Sex
M 74/139 (53)
F 65/139 (47)

Any comorbiditiest
No comorbidities

37/139 (26)
98/139 (71)

Presence of comorbidities unknown 4/139 (3)
History of COVID-19 before onset of disease 15/132 (11)
Median duration from COVID-19 onset to hepatitis onset, d (range) 85 (14-300)
Persons >5 y who received >1 dose of COVID-19 vaccine 22/66 (33)
Any international travel in 2 mo before iliness 0/130 (0)

Any contact with sick persons in 2 wk before illness

39/129 (30)

Treatment
Steroid therapy

15/139 (11)

Immunoglobulin 6/139 (4)
Plasmapheresis 6/139 (4)
Hemodialysis 4/139 (3)
Liver transplantation 3/139 (2)

Outcome
Acute liver failure

11/85 (13)t

Hospitalized to ICU or HCU 17/95 (18)
Death 0/139 (0)
Median duration from symptom onset to hospital admission, d (IQR) 4 (2-7.5)
Median length of hospital stay, d (IQR) 10 (7-16)

Clinical symptoms§
Fever 37.5°C or higher

Gastrointestinal symptoms: abdominal pain, diarrhea, or nausea/vomiting

89/138 (64)
75/138 (54)

Cough 29/138 (21)
Jaundice 29/138 (21)
White stools 10/138 (7)
Impaired consciousness 6/138 (4)

Median AST, IU/L (IQR)Y

Median ALT, IU/L (IQR)Y]

Median total bilirubin, mg/dL (IQR){|
Median PT-INR (IQR){]

764 (503-1,312)
838 (576-1,390)
1.00 (0.60—4.74)
1.11 (1.02-1.32)

No. SARS-CoV-2 positive/no. tested (%) 10/134 (7)
Nucleic acid amplification test: PCR 101, LAMP 1, and NEAR 1 8/103 (8)
Antigen test 2/13 (15)
Type of test unknown 0/18 (0)

*Values are no. (%) except as indicated. Denominators consist of cases for which data are available. ALT, alanine aminotransferase; AST, aspartate
aminotransferase; HCU, high-care unit; ICU, intensive care unit; IQR, interquartile range; LAMP, loop-mediated Isothermal amplification; NEAR, nicking
enzyme amplification reaction; PT-INR, prothrombin time and international normalized ratio.

tSpecific underlying conditions reported were psychomotor retardation (11, 8%), syndromes involving changes in chromosomes or genes (5, 4%),
congenital heart disease (4, 3%), congenital metabolic disorder (3, 2%), low birthweight (3, 2%), endocrine disorder (3, 2%), autoimmune and collagen
diseases (3, 2%), primary immunodeficiency syndrome (2, 1%), and other disorders (8, 6%) (atopic dermatitis, cloacal exstrophy, hydronephrosis,

unilateral kidney agenesis and haemangioma).
FlIncluding 3 patients with encephalopathy.
§Some patients reported >1 sign/symptom.

{IMaximum values up to the time of reporting. Based on information from 136 (AST and ALT), 99 (total bilirubin), and 85 (PT-INR) cases.
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Figure. Cases of acute hepatitis
of unknown etiology by week of
onset in Japan, October 2021—
December 31, 2022. The Ministry
of Health, Labour, and Welfare
Japan issued the working case
definitions and administrative
notice on April 27, 2022. In total,
139 probable cases with onset
dates after October 1, 2021
(week 39, 2021), were reported
as of December 31, 2022

(week 52, 2022). We excluded
6 cases for which onset dates
were unavailable. Red outlines
indicate cases fulfilling the
diagnostic criteria for acute liver
failure (n = 11).

potentially contributing to hepatitis (6). AHUE
cases in Europe and United Kingdom revealed high
rates of SARS-CoV-2 seropositivity (4,5) (Appendix
Table 1). However, our study indicated low SARS-
CoV-2 positivity (10/134, 7%) at the time of hospi-
talization for AHUE in Japan. Results of serologic
tests for SARS-CoV-2 were unavailable because
they were not required. The low proportion of pa-
tients with a history of COVID-19 before onset of
AHUE (15/132, 11%) might explain the lower rates
of seropositivity in Japan than for Europe and the
United Kingdom.

Laboratory tests did not reveal a high frequency
of any specific microorganism in Japan, and the dis-
tribution, other than for adenovirus, was similar to
that reported in Europe (4). The cause of AHUE in
Japan remains unknown. Cases reported in Japan
were less severe than those reported in other coun-
tries (1,2,4,5,7) (Appendix Table 1), which might be
because of differences in genetic predisposition that
could affect inflammatory responses and clinical se-
verity, as has been suggested with certain acute in-
flammatory diseases (8). The prevalence of the HLA-
DRB1*04:01 allele, expressed by 89% of AHUE liver
transplant cases in Scotland (5), is higher in the gen-
eral population in Scotland than in Japan (8.9% vs.
1.0%) (9).

The first limitation of our study is that ascer-
tainment bias might have affected microbiologi-
cal testing results. The pathogens listed by MHLW
(Appendix Table 2) might not have been examined
uniformly and systematically, and the frequency
of pathogens indicated in this report might not
accurately reflect actual distribution. Second, the
increase in reports after MHLW issued an admin-
istrative notice could be caused by reporting bias
(Figure). Last, recall bias could have resulted in
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underestimates of the number of AHUE cases early
in the study period.

In conclusion, 23 identified 139 pediatric AHUE
cases in Japan during October 2021-December 2022
that differed in severity and adenovirus PCR positiv-
ity from cases in other countries. However, no un-
usual trends were found in this investigation. Japan
might observe similar AHUE trends as in past years,
as in the United States (10).
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Norovirus
[nor’-0-vi‘ras]

Genus of viruses that cause viral gastroenteritis. Noro-
viruses are named after the original strain, “Norwalk
virus,” which caused an outbreak of acute gastroenteritis
among children at an elementary school in Norwalk, Ohio,
in 1968. Numerous outbreaks of disease with similar symp-
toms have been reported since, and the etiologic agents were
called “Norwalk-like viruses” or “small round-structured
viruses.” Noroviruses are transmitted primarily through
the fecal-oral route and are highly contagious; as few as 10
viral particles may infect a person.

1. Mahy BW]J. A dictionary of virology. London: Academic Press; 2001;
www.cdc.gov/ncidod/dvrd/revb/ gastro/norovirus-qa.htm; www.
medicinenet.com/

norovirus_infection/article.htm

https://wwwnc.cdc.gov/eid/article/13/3/e1-1303_article
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Appendix

Appendix Table 1. Case definition and characteristics of pediatric acute hepatitis of unknown etiology in each country/region

Probable case definition Person presenting with acute hepatitis (non-hepatitis A-E) with serum transaminase >500 IU/L
published by WHO (1) (AST or ALT) who is 16 y old or younger, since 1 October 2021
Country/Region Japan (2) EU/EEA (3) U.S. (4) UK (5)
Differences from WHO Probable case Probable case excludes <10y old + 15 y old or younger
probable case definition includes only cases of hepatitis with (0-10 y: confirmed case, 11-15
hospitalized cases known etiology such y: possible case)
and excludes acute those due to specific + Excluding metabolic,
hepatitis with infectious diseases, inherited, or genetic,
identifiable cause.  drug toxicity, metabolic congenital, or mechanical
hereditary, or cause.
autoimmune disorders. + Scotland case definition also

exclude cases due to

cytomegalovirus, or Epstein-

Barr Virus.
Investigation period October 1, 2021- October 1, 2021- October 1, 2021- January 1, 2022-
December 31, 2022 November 24,2022 June 15, 2022 July 4, 2022
Number of reported cases 139 572 296 274
(Probable cases) (Probable cases) (Confirmed: 263, Possible: 11)

Acute liver failure 13% (11/85) - 30% (37/123) -
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Probable case definition

published by WHO (1)

Person presenting with acute hepatitis (non-hepatitis A-E) with serum transaminase >500 IU/L

(AST or ALT) who is 16 y old or younger, since 1 October 2021

Hospitalized to ICU or HCU
Liver transplantation

Death

Adenovirus test positivity
Type 41

SARS-CoV-2 test positivity
SARS-CoV-2 serology test

positivity

18% (17/95)
2% (3/139)
0% (0/139)
9% (11/125)
18% (2/11)

7% (10/134)

27% (100/371)
8% (24/320)
2% (7/405)

52% (236/457)
42% (5/12)
10% (40/392)

64% (73/115)

6% (18/296)
4% (11/296)
45% (100/224)
46% (6/13)
10% (10/98)

5% (15/274)
0% (0/274)
66% (170/258)
92% (48/52)*
15% (36/237)
61% (1- to 4-y-olds),

67% (5- to 10-y-olds)

ALT, alanine aminotransferase; AST, aspartate aminotransferase; EU/EEA, European Union and European Economic Area; HCU, high care unit;

ICU, intensive care unit; UK, United Kingdom; U.S., United States; WHO, World Health Organization

* Data in England

T The details of the numerator and denominator are unknown.

Appendix Table 2. Recommended testing lists in medical institution and local public health institutions by the Ministry of Health,

Labor and Welfare

Testing recommendations

For medical institution

Virus Recommended

HAV Anti-HAV antibody (IgM)

HBV Hepatitis B surface antigen, anti-HBc antibody

HCV Anti-HCV antibody

HEV Anti-HEV antibody (IgA or IgM)

CMV Anti -CMV antibody (IgM), CMV antigen, CMV PCR test
EBV Anti-VCA antibody (IgM or IgG), EBV-nuclear antigen antibody
HSV HSV-1,2 PCR test

SARS-CoV-2 SARS-CoV-2 PCR

For local public health institutions

Test for adenovirus is recommended first and, the type should be determined, if test is positive.

Type of sample
Blood

Stool

Recommended test (PCR test or bacterial culture)

Enterovirus*, Parechovirus®, HSV-1, 2, CMV, VZV, EBV, HHV-6, 7

Enteropathogenic Escherichia coli
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Testing recommendations

Respiratory sample

Enterovirus®, Influenza virus, SARS-CoV-2

CMV, cytomegalovirus; EBV, Epstein-Barr virus; HAV, hepatitis A virus; HBV, hepatitis B virus; HCV, hepatitis C virus; HEV, hepatitis E virus; HHV,

human herpes virus; HSV, Herpes simplex virus; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M; PCR, polymerase chain

reaction; VCA, viral capsid antigen; VZV, Varicella zoster virus

* If positive, the type should be determined.

T Test should be considered according to age.

Appendix Table 3. Laboratory findings for 139 cases that fulfilled the working case definition of pediatric acute hepatitis of unknown

etiology, Japan, October 2021-December 2022*

No. positive/no. tested (%)

Viruses detected by PCR Any specimen Whole blood/plasma Serum Respiratory Stool Urine
Adenovirus 11/125 (9)t 1/91 (1) 3/93 (3) 6/101 (6) 7/95 (7) 2/56 (4)
Rhinovirus/enterovirus} 14/86 (16) 0/53 (0) 0/59 (0) 14/71 (20) 3/56 (5) 1/31 (3)
Human herpes virus 6 4/44 (9) 1/29 (3) 2/31 (6) 1/23 (4) 0/17 (0) 0/13 (0)
Human herpes virus 7 4/41 (10) 2/27 (7) 1/31 (3) 2/23 (9) 0/17 (0) 0/13 (0)
Epstein-Barr virus 4/36 (11) 1/23 (4) 0/22 (0) 2/18 (11) 2/13 (15) 0/11 (0)
Norovirus 3/53 (6) NT NT NT 3/53 (6) NT
Cytomegalovirus 2/42 (5) 2/29 (7) 1/28 (4) 1/19 (5) 114 (7) 0/12 (0)
Herpes simplex virus 1 2/51 (4) 0/36 (0) 0/31 (0) 2/20 (10) 0/15 (0) 0/12 (0)
Human parechovirus 3 1/37 (3) 0/28 (0) 0/28 (0) 1/25 (4) 1/27 (4) 0/16 (0)
Human parainfluenza 3 1/49 (2) 0/21 (0) 1/25 (4) 1/44 (2) 0/20 (0) 0/13 (0)
Rotavirus 1/52 (2) NT NT NT 1/52 (2) NT
Sapovirus 1/49 (2) NT NT NT 1/49 (2) NT

*NT, not tested.

tThere were 2 cases of type 41 and 1 case each of adenovirus type 1, type 2, type 3, and type 1 and 2, and 5 cases of unknown serotype.

IBecause the PCR tests in some cases could not distinguish between rhinovirus and enterovirus, we integrated them.
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Appendix Table 4. Notification criteria of viral hepatitis based on the national law (Act on the Prevention of Infectious Diseases and

Medical Care for Patients with Infectious Diseases)

Case definition An acute hepatitis caused by hepatitis A-E virus or other viruses including asymptomatic cases.
Chronic liver disease, asymptomatic carriers, and acute-on-chronic liver failure due to hepatitis B

and C should be excluded.

Notification criteria Physicians must notify the prefectural governor if they diagnose viral hepatitis based on clinical
symptoms and laboratory findings such as serology test or polymerase chain reaction test,

regardless of severity.
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